ABSTRACT. Infectious tracheobronchitis (ITB), also known as the kennel cough, is a respiratory syndrome of dogs and usually appears to be contagious among dogs housed in groups. Etiologic agent of ITB is multiple and sometimes complex. In the present study, 68 household dogs showing clinical signs of respiratory infection were examined, and 20 dogs (29.4%) were found to be positive for either of following agents. Bordetella bronchiseptica (B.b.) was most frequently detected from nasal and oropharynx sites of 7 dogs (10.3%). Among the viruses examined, canine parainfluenza virus (CPIV) was detected with the highest frequency (7.4%). Other pathogens included in the order of frequency group 1 canine coronavirus (4.4%), canine adenovirus type 2 (2.9%), group 2 canine respiratory coronavirus (1.5%), and canine distemper virus (1.5%). Only 2 cases showed mixed infections. Neither influenza A virus nor canine bocavirus (minute virus of canines) was found in any dogs examined. These results indicate that both B.b. and CPIV are likely to be the principal etiologic agents of canine ITB in Japan, and they may be considered as the target for prophylaxis by vaccination. KEY WORDS: Bordetella bronchiseptica, canine parainfluenza virus, canine respiratory coronavirus, infectious tracheobronchitis, kennel cough.
Respiratory infection is a common clinical problem of dogs, especially among dogs housed in high density such as in pet shops, breeding and boarding kennels, shelters, research facilities, or veterinary clinics. It is usually diagnosed as "infectious tracheobronchitis (ITB)" or more commonly "kennel cough" when the contagious nature of the disease is apparent [5, 22] . In most cases the upper respiratory sites are infected with single or multiple agents but the disease is generally not life threatening. Typical clinical features are acute onset of paroxysmal dry coughing and nasal discharge. Affected dogs may recover spontaneously within days or weeks, and a minimal medical treatment is indicated except complicated cases showing severe clinical signs. The ITB, however, sometimes may become enzootic and difficult to be stamped out in the group situation because of repeat introduction of novel infectious agents carried by newcomers to the living environment.
The principal etiologic agents of ITB generally recognized are canine parainfluenza virus (CPIV), canine adenovirus type 2 (CAV-2), and Bordetella bronchiseptica (B.b.). Secondary agents are canine herpesvirus, mammalian reoviruses, CAV type 1 (CAV-1), bacteria such as Streptococcus sp., Pasteurella sp., Pseudomonas sp., coliforms and mycoplasmas. Of the secondary agents significant depraving association of Streptococcus equi subsp. zooepidemicus [15] and Mycoplasma cynos [16, 36] was recently described. More recently, some viruses emerged as novel pathogens for canine respiratory tract; group 1 canine coronavirus (CCoV) called "pantropic CCoV" in Italy [11] , group 2 canine respiratory coronavirus (CRCoV) in England [21] , and canine influenzavirus closely related to equine influenza A virus H3N8 subtype in the U.S. [19] .
In this context an etiologic survey for respiratory infections of household dogs was performed because previous epidemiological studies on ITB in Japan were performed in old days [1, 6, 31, 37, 38] , and the latest finding is indispensable for planning efficient prophylaxis.
MATERIALS AND METHODS
Clinical samples: A total of 86 swab samples were taken from 68 household dogs that showed clinical signs of respiratory infection. They were swabbed from 44 oropharynx, 35 nasal cavity, and 7 conjunctival sites, and submitted by animal hospitals in various locations of the country (Aomori, Fukushima, Gunma, Ibaraki, Tokyo, Shizuoka, Aichi, Osaka, Okayama, Nagasaki, and Miyazaki) during a period from June 2006 to May 2007. The ages of the dogs were between 1 month and 14 years, and dogs younger than 6 months old and older than 2 years old made up 72.6% and 14.5%, respectively. Swabs were placed in 2 ml of Eagle's minimal essential medium and extracts were clarified by centrifugation at 15,000 rpm for 20 min. The resulting supernatant and pellet were examined for viruses and B.b., respectively.
Detection of viral agents: For virus isolation, the supernatant was inoculated into both Madin-Darby canine kidney (MDCK) and felis cutus whole fetus-4 (fcwf-4) [34] cell cultures. They were examined for cytopathic effect and were blind-passaged further 2 times if necessary. The following viruses were specially examined molecularly; minute virus of canines (MVC), CPIV, CCoV, CRCoV, canine distemper virus (CDV), and influenza A virus (IAV).
MVC was examined by the PCR assay described previously [30] . CAV serotype specificity was determined by the hemagglutination-inhibition test described previously [6] .
For RNA viruses total RNA was obtained from 140 µl of the supernatant with a QIAamp Viral RNA Mini Kit (QIAGEN Science). Complementary DNA was synthesized by using 9-mer primer (Takara) and avian myeloblastosis virus reverse transcriptase for reverse transcription-PCR (Transcriptase XL; Takara).
Both the 1st and 2nd PCR assays were used for detection of CPIV. The same primer set, reaction mixture, and PCR protocol were applied for the 1st and 2nd PCR. CPIV T1 strain [6] For detection of CDV, the RT-PCR assay that amplifies a portion of viral hemagglutinin gene was used according to the method described previously [29] . Group 1 CCoV was detected by the Taq Man PCR assay described by Gut et al. [23] . Group 2 CRCoV was detected by the RT-PCR assay that targets the hemagglutinin-esterase gene of group 2 coronavirus by the methods described recently [43] .
IAV was examined by a commercial test kit (AI-LISA, Kyoritsu Seiyaku Corporation, Tokyo). The kit was based on nucleic acid sequence-based amplification system [18, 28] , which targets the matrix protein gene, and all H subtypes (H1 to H15) of IAV are detected.
Detection of Bordetella bronchiseptica by PCR assay:
The swab pellet was suspended in 600 µl of distilled water and DNA was extracted with a QIAamp DNA Mini Kit (QIAGEN Science). Strain D-1 of B.b. (ATCC No. 31124) was used as positive reference. A reaction mixture for the PCR was identical to that for CPIV. Amplification protocol was as follows; after denaturing at 94°C for 5 min, amplification was followed with 40 cycles of denaturation at 94°C for 50 sec, primer annealing at 50°C for 1 min, and extension at 72°C for 1 min. Two kinds of primer set were used; one was a primer set, Fla2 and Fla4, which amplifies a upstream region of the flagellin structural gene of B.b. as described by Hozbor et al. [25] (PCR/B.b.). The expected size of the PCR product was 237 bp. This PCR assay detects DNA from 2 × 10 3 or more colony-forming unit (CFU) of B.b.. Another set of primers was originally prepared in the present study from an alignment of the outer membrane lipoprotein gene of the genus Bordetella (PCR/B.sp.), and the nucleotide sequences of the primers designed from the B.b. strain RB50 are as follows: B13615F, 5'-ATCGCTGGGATTACCCCTAC-3'(sense orientation; located on the B.b. whole genome sequence at positions 13,615 to 13,634); B13930R, 5'-TACTTGAGCGGTTCGAAGGT-3' (antisense orientation; located at positions 13,911 to 13,930). The expected size of the PCR product was 316 bp. This PCR assay detects DNA from 2 × 10 2 or more CFU of B.b., and may detect other Bordetella species such as B. Pertussis and B. parapertussis in addition to B.b.. Specificity of the PCR assay was determined by sequencing of the PCR product that was applicable for sequence analysis quantitatively as well as qualitatively.
Sequence and phylogenetic analyses: Genetic analysis of the spike protein (S) gene of CRCoV was performed by the method described recently [43] . Genetyx-Win version 4.0 (Software Development Co., Tokyo) and ClustalX version 2.0 were used to produce multiple alignments and phylogenetic trees [27] . The tree was displayed by using rectangular cladogram option in TreeView 1.6.6 [33] .
Nucleotide sequence accession numbers: The nucleotide sequence accession numbers in the GenBank database of the indicated virus and bacterium strains used in this study are as follows: bovine coronavirus (BCoV) strain LY-138 (AF058942); BCoV strain Mebus (BCU00735); CCoV 
RESULTS

Detection of viruses and clinical feature of the diseased dogs:
CPIV was most frequently detected from nasal cavity of 5 dogs (7.35%) ( Table 1) . Two dogs were 2 months old and the others were adult (1 year and 7 months, 5 years, and 9 years and 4 months old, respectively). Two dogs were concurrently infected with CAV-2 and CRCoV, respectively. Clinical signs of the dogs infected with CPIV were cough, vomiting, nasal discharge, and fever.
CAV was isolated from the nasal cavity of 2 dogs in the MDCK cell culture and they were found to be CAV-2. Both dogs were 2 months old and showed pyrexia, cough and nasal discharge.
CDV was detected from both oropharynx and conjunctiva of a dog and its age was unknown. The dog was presented with a complaint of general respiratory symptoms, and CDV antigen was positive in the oropharynx sample by a commercial CDV detection kit in the hospital.
Group 1 CCoV was detected from either oropharynx or nasal cavity of 3 dogs. Two dogs were 3 months old and their clinical signs were cough and nasal discharge. The remaining one dog was 1 year old and clinically diagnosed as bronchitis with fever, nasal discharge, cough and sneeze. The hospital medical record of this dog showed isolation of Corynebacterium sp. in the nasal discharge.
Group 2 CRCoV was found in the nasal cavity of a 2 months old puppy, and CPIV was also found in the same sample. The puppy showed both respiratory (mucopurulent nasal discharge and sneeze) and enteric (diarrhea) signs, but no viral agent was found in the rectal sample. Although CRCoV was not recovered in the HRT-18 cell culture from this PCR-positive sample No. 06/075, genetic analysis of S gene was successfully performed. The S gene of No. 06/075 was 4,092 nucleotide long, representing 1,364 predicted amino acids. The nucleotide (amino acid) sequence identities of No. 06/075 S gene for those of CRCoV strains 02/ 005, T101, and 4182 were 99.3% (98.5%), 99.0% (98.5%), and 98.9% (98.3%), respectively. Figure 1 shows phylogenetic relation of the nucleotide sequence of No.06/075 to other groups 1 and 2 coronaviruses. The closest relationship was to the CRCoV strains, especially to the Japanese CRCoV strain 02/005, forming a different cluster from that of English CRCoV strains.
Neither IAV nor MVC was detected from any samples of 68 dogs.
Detection of Bordetella bronchiseptica and clinical feature of the diseased dogs:
Six nasal and 5 oropharynx samples from 10 dogs aged between 2 and 3 months old were regarded as Bordetella sp. positive by the PCR/B.sp. (Fig.  2) . Of which, 5 nasal and 2 oropharynx samples of 7 dogs were positive for B.b. specific flagellin structural gene by the PCR/B.b. , and in Fig. 3 , an example of the PCR results was presented. A common clinical sign of the puppies infected with B.b. was cough and, in the order of frequency, the others included nasal discharge (71.4%), fever (42.9%), sneeze (28.6%), conjunctivitis (14.3%), and anorexia (14.3%).
DISCUSSION
Etiology of canine ITB is complex, and CPIV, CAV and B.b. are recognized as major pathogens worldwide [5, 22] .
Generally ITB may become serious in close confinement where many dogs are housed together. In the present study, the household dogs, either kept a single dog or with a few others, were examined for such well-known ITB pathogens in addition to some novel respiratory pathogenic viruses such as coronaviruses, MVC, and IAV. As a result 20 out of 68 dogs (29.4%) were positive for either of agents, however etiology of the negative cases remained unknown. It may be necessary to search for an unknown pathogen of canine ITB if hidden.
There was no particular relation between the agent detected and clinical signs appeared. Clinical signs observed for the 20 dogs in the order of frequency were cough, nasal discharge, fever, sneeze, conjunctivitis, and anorexia. Bordetella sp. including B.b. was most frequently detected, and CPIV, coronaviruses, CAV-2, and CDV followed. The present result was compared with the previous report performed for the dogs in a kennel at Tokyo more than 20 years ago [6] . To our knowledge, this was the only work describing ITB (kennel cough) in Japan. Although some study conditions were fundamentally different between the previous and the present studies, significant agents detected from the diseased dogs are very similar; CAV-2, CPIV and B.b. are prominent. Furthermore, this is almost similar to the etiologic specifications described in the previous ITB reports from Western countries [5, 22] . In the present study PCR assay was principally used for examination, and it was strongly expected that molecular method might reveal more concurrent infections than the previous study performed by using the cell culturing method [6] . However, contrary to the prediction, there were only 2 cases where multiple agents were detected; one was both CPIV and CAV-2, and another was both CPIV and CRCoV.
Among the known etiologic agents for canine ITB, B.b. was most frequently detected from the diseased dogs in the present study. Although B.b. was sometimes detected in dogs exhibiting no respiratory symptoms [17] , its significance as a pathogen to canine respiratory tract has been established both epidemiologically [6, 7, 9, 10, 17, 40] and experimentally [8, 39, 42] . Two kinds of the PCR assay were applied here and the PCR/B.sp. for detection of Bordetella sp. did show higher positive rate than the PCR/B.b. (Table 1) . Thus, it is natural to regard that Bordetella sp. other than B.b. had also existed in the samples if the result is understood as it is. On the other hand, since the PCR/B.b. is about 10-times less sensitive than the PCR/B.sp., it is another possibility that the positive results by the PCR/B.sp. might originate from the B.b. present.
The pathogen was found mainly from puppies aged between 2 and 3 months old in the present study. One possible explanation is that they became sick soon after their introduction to the new owner's home because they had been exposed to the pathogens during group breeding. One exceptional finding was CPIV and it was detected also from the aged dogs. Of 5 CPIV-positive dogs 3 dogs were older than 1.5 years old. CPIV might widely spread in the dog society when compared with other ITB agents.
In the present study both groups 1 and 2 coronaviruses were detected from respiratory sites of the diseased dogs. Group 1 CCoV has been recognized as a mild enteric pathogen for dogs [3] . Thus it is a likely explanation that such positive reactions originate from the contamination from the digestive tract. While CCoV is a well-known virus species that mutates frequently [35] , and for an example of pathogenic mutant, a novel pantropic CCoV was recently discovered [11] . Thus further studies to elucidate pathogenic potential of CCoV against canine respiratory tract may be necessary. Group 2 CRCoV, recently isolated in England as a new ITB pathogen closely related to bovine coronavirus [20] , was again found to be associated with the diseased puppy in the present study. CRCoV infection was already confirmed in Japanese domestic dogs both seroepidemiologically [26] and molecular epidemiologically [43] . The present No. 06/075 strain is the second CRCoV strain discovered in Japan and phylogenetic analysis of the S gene of No. 06/075 together with those of the previous English and Japanese strains suggest there may be a regional lineage in evolution of CRCoV (Fig. 1) .
Neither IAV nor MVC was associated with the clinical cases in the present study. Although IAV is a well-known respiratory pathogen for humans, horses, pigs and avian species, the previous studies suggested less or no clinical significance of IAV as a pathogen in canine ITB though dogs can be infected with several IAV subtypes [4] . However, recent canine IAV epidemic in both the U.S. [19, 41] and England [32] , and severe dog cases entangled in the highly pathogenic avian influenza outbreaks of domestic fowls in the Southeast Asia region [12] drew our re-attention to IAV as a potential pathogen for respiratory tract of dogs. As a result no evidence for IAV participation in the present cases was obtained, suggesting that IAV is not an important pathogen for dogs at the ordinary time in the environment where such specific IAV has not broken out.
Bocavirus is a new genus assigned into Parvovirus family, and bovine parvovirus and canine parvovirus 1, originally named as MVC, have been classified. MVC is a pathogen basically for canine fetus and newborn puppy and causes both respiratory and enteric diseases in the puppy [13, 14] . Recently human bocavirus has been found to be associated with human lower respiratory diseases [2] . Thus, by way of precaution, its association with the canine ITB was determined in the present study since it was revealed that MVC infection was widespread among Japanese domestic dogs [24, 30] . However no evidence for MVC participation in the respiratory disease was obtained, suggesting either minimal or no pathogenic potential for elder dogs.
In summary, it was confirmed that both B.b. and CPIV are likely the principal infectious etiologic agents of respiratory disease of the household dog in Japan. CAV-2 had the second importance. These findings were in accordance with the kennel cough study performed two decades ago in Tokyo. In Japan, Bordetella vaccine has never been clinically used for dogs so far and CPIV vaccine has been available only as a fraction of the combined parenteral vaccine. This implies that some other prophylaxis measures such as the introduction of intranasal kennel cough vaccines containing B.b. and CPIV may be needed for more efficacious ITB control in the susceptible dog groups.
